ORGANIZATION AND FEATURES OF THIS SPECIES ACCOUNT
Information on the habitat requirements and effects of habitat management on grassland birds were summarized from information in more than 4,000 published and unpublished papers. A range map is provided to indicate the relative densities of the species in North America, based on Breeding Bird Survey (BBS) data. Although birds frequently are observed outside the breeding range indicated, the maps are intended to show areas where managers might concentrate their attention. It may be ineffectual to manage habitat at a site for a species that rarely occurs in an area. The species account begins with a brief capsule statement, which provides the fundamental components or keys to management for the species. A section on breeding range outlines the current breeding distribution of the species in North America, including areas that could not be mapped using BBS data. The suitable habitat section describes the breeding habitat and occasionally microhabitat characteristics of the species, especially those habitats that occur in the Great Plains. Details on habitat and microhabitat requirements often provide clues to how a species will respond to a particular management practice. A table near the end of the account complements the section on suitable habitat, and lists the specific habitat characteristics for the species by individual studies. A special section on prey habitat is included for those predatory species that have more specific prey requirements. The area requirements section provides details on territory and home range sizes, minimum area requirements, and the effects of patch size, edges, and other landscape and habitat features on abundance and productivity. It may be futile to manage a small block of suitable habitat for a species that has minimum area requirements that are larger than the area being managed. The Brown-headed Cowbird (Molothrus ater) is an obligate brood parasite of many grassland birds. The section on cowbird brood parasitism summarizes rates of cowbird parasitism, host responses to parasitism, and factors that influence parasitism, such as nest concealment and host density. The impact of management depends, in part, upon a species' nesting phenology and biology. The section on breeding-season phenology and site fidelity includes details on spring arrival and fall departure for migratory populations in the Great Plains, peak breeding periods, the tendency to renest after nest failure or success, and the propensity to return to a previous breeding site. The duration and timing of breeding varies among regions and years. Species' response to management summarizes the current knowledge and major findings in the literature on the effects of different management practices on the species. The section on management recommendations complements the previous section and summarizes specific recommendations for habitat management provided in the literature. If management recommendations differ in different portions of the species' breeding range, recommendations are given separately by region. The literature cited contains references to published and unpublished literature on the management effects and habitat requirements of the species. This section is not meant to be a complete bibliography; a searchable, annotated bibliography of published and unpublished papers dealing with habitat needs of grassland birds and their responses to habitat management is posted at the Web site mentioned below. Key to management is providing large grasslands and wetlands, particularly those that can support high densities of meadow voles (Microtus spp.).
Breeding range:
In North America, Short-eared Owls breed from Alaska and continental Canada, also including the southern Baffin Islands, south to central California, and east through Kansas, eastern Oklahoma, eastern Ohio, Pennsylvania, Maryland, and Prince Edward Island (National Geographic Society 1987). (See figure for the relative densities of Short-eared Owl in the United States and southern Canada, based on Breeding Bird Survey data.)
Short-eared Owls require large, open grassland or wetland areas, such as native prairie, hayland, retired cropland, small-grain stubble, shrubsteppe, and wet-meadow zones of wetlands (Townsend 1961 , Clark 1975 , Stewart 1975 , Rotenberry and Wiens 1978 , Harris 1980 , Murphy 1991 , Holt and Leasure 1993 , Johnson and Schwartz 1993 . Local occurrence is unpredictable, because populations fluctuate yearly due to variation in small-mammal populations (Beske and Champion 1971 , Clark 1975 , Stewart 1975 , Harris 1980 , Evrard et al. 1991 . Given sufficient habitat and food supply, Short-eared Owls are able to colonize new areas (Clark 1975 ).
Short-eared Owls generally nest on the ground (Stewart 1975, Holt and Leasure 1993) . Nests typically are built on dry uplands, but wetter lowlands, such as peat bogs and wetlands, are occasionally used (Clark 1975 , Linner 1980 , Holt and Leasure 1993 . Nests may be fully concealed by dense cover, partially concealed by grasses and forbs, or poorly concealed in open fields and wetlands (Saunders 1913 , Townsend 1961 , Stewart 1975 , Duebbert and Lokemoen 1977 , Holt and Leasure 1993 . Short-eared Owls also will nest in grain stubble (Clark 1975, Duebbert and Lokemoen 1977) . In North Dakota, nests were usually in areas with vegetation 30-60 cm high and 2-8 yr old residual vegetation (Duebbert and Lokemoen 1977) . In northwestern North Dakota, most Short-eared Owl nests were in sites dominated by western snowberry (Symphoricarpos occidentalis) mixed with herbaceous vegetation (Murphy 1993) . Two nests in Conservation Reserve Program fields in Wisconsin were surrounded by quackgrass (Agropyron repens) with maximum vegetation heights of 70 and 90 cm (Evrard et al. 1991) . A table near the end of the account lists the specific habitat characteristics for Short-eared Owls by study.
Prey habitat:
Voles and other small rodents are the primary prey of Short-eared Owls in the northern Great Plains; other mammals and birds also are taken (Holt and Leasure 1993) . Short-eared Owl populations can show considerable local variation due to vole population density, and the owls' reproductive output is linked to fluctuations in vole populations (Holt and Leasure 1993) . In Saskatchewan, a dramatic 1-yr increase in the vole population was accompanied by a synchronous increase in the owl population (Poulin et al. 1998) . In Nebraska and Kansas tallgrass, voles preferred grassland habitat with ample residual vegetation, such as that provided by mowing or burning at 2-5 yr intervals (Leman and Clausen 1984, Kaufman et al. 1990 ).
Area requirements:
Short-eared Owls are associated with large, open grassland expanses (Holt and Leasure 1993, Byre 1997 ). Short-eared Owls were seldom observed in habitat blocks <100 ha in North Dakota Conservation Reserve Program fields (D. H. Johnson, unpublished data) . In Illinois, nests were found in blocks of managed grassland as small as 28 ha (Herkert et al. 1999 ). However, the authors suggested that Short-eared Owls may be responding more to the total amount of grassland available in the surrounding landscape than to the sizes of individual grassland fragments; small fragments may be used if located close to larger blocks of contiguous grassland. In Manitoba, mean size of five territories in 1969 was 73.9 ha, and a single territory in 1968 was 121.4 ha (Clark 1975) . In Montana, 32 nests were found in 164 ha (Holt and Leasure 1993) . In the northeastern United States, breeding territory size generally decreased with increasing vole densities (Clark 1975 ).
Brown-headed Cowbird brood parasitism:
No known records of brood parasitism by Brown-headed Cowbirds (Molothrus ater) exist.
Breeding-season phenology and site fidelity:
Short-eared Owls generally breed from early April to late August (Maher 1974 , Stewart 1975 , Linner 1980 , Berkey et al. 1993 . In North Dakota, the mean hatch date for Short-eared Owl nests was mid-June, but hatching dates ranged from early May through late July (Murphy and Ensign 1996) . Early dates of arrival on the breeding grounds range from late March to early May; late dates of departure for wintering grounds range from early September to early November (Townsend 1961) . In areas where the wintering and breeding grounds overlap, Shorteared Owls may begin nesting by late March (Holt and Leasure 1993) . If the first clutch is destroyed, Short-eared Owls may renest (Townsend 1961, Holt and Leasure 1993) . There is little evidence of Short-eared Owls producing two successful broods in one breeding season (Holt and Leasure 1993) .
Species' response to management:
Although disturbance has a generally negative effect on Short-eared Owls, periodic disturbance may be necessary to maintain suitable habitat. In tallgrass areas, burning or mowing every 3-5 yr is recommended to maintain habitat for voles, the principal small rodent prey of Short-eared Owls (Lemen and Clausen 1984, Kaufman et al. 1990 ). Berkey et al. (1993) suggested that dense nesting cover in uplands could be hayed periodically to stimulate plant growth. In Illinois, Short-eared Owls preferred rotary-mowed grasslands that were 30-40 cm tall to idle grasslands with taller vegetation (Herkert et al. 1999) . In tallgrass areas, mowing or other techniques are recommended to reduce grass heights. In Missouri, Short-eared Owls preferred medium to tall grasslands that were moderately grazed or idle (Skinner et al. 1984) . Bock et al. (1993) suggested that Short-eared Owls respond negatively to grazing in the Great Plains and western shrubsteppe. In North Dakota, Short-eared Owls used upland sites with tall, dense vegetation and 2-8 yr accumulations of residual vegetation (Duebbert and Lokemoen 1977) . Kantrud and Higgins (1992) found Short-eared Owls nesting in both idle native and seeded grasslands in North Dakota. Fields idled during the current growing season had more nests than fields under long-term grazing; no nests were found in fields grazed during the breeding season (Kantrud and Higgins 1992) .
Collisions with barbed-wire fences or power lines may cause mortality or injury. Dead Short-eared Owls have been found hanging from strands of barbed-wire (Fitzner 1975, Knight and Skriletz 1980) and from power lines (Fitzner 1975) . One owl was found alive but entangled in a roll of fencing wire; the bird's neck was wedged between two strands of wire (Fitzner 1975 ).
Management Recommendations:
Create and protect large open areas for Short-eared Owls and their prey (Holt and Leasure 1993) . Because Short-eared Owls are nomadic, they may be present only sporadically, but suitable habitat should be maintained (Clark 1975, Holt and Leasure 1993) .
Preserve native grassland. Collaborate with ranching and farming advocates to maintain native pasture and rangeland (Johnson 1996) . Maintain a mosaic of grasslands and wetlands so that some units are available for nesting, while others are being treated to halt succession (Ryan 1990 , Murphy 1993 .
Protect grasslands through conservation easements, land purchases, and development of farm programs with wildlife habitat conservation priorities (Johnson 1996) . Continue the Conservation Reserve Program to preserve nesting habitat (Sinclair 1990 , Murphy 1991 , Bock et al. 1993 ).
In North Dakota, periodically burn, mow, or graze, to maintain the 2-8 yr old accumulations of residual vegetation preferred by Short-eared Owls in this region (Duebbert and Lokemoen 1977 , Berkey et al. 1993 , Murphy 1993 . In tallgrasss areas, burning, mowing, or grazing every 2-5 yr is recommended to maintain habitat for small mammal prey (Leman and Clausen 1984, Kaufman et al. 1990 ). In Illinois, burn, mow, or use other techniques to reduce grass height and maintain vegetation 30-40 cm tall (Herkert et al. 1999) .
Increase the amount of western public rangeland from which livestock are excluded, especially in the United States Forest Service National Grasslands (Bock et al. 1993 ).
To prevent mortality or injury from collisions with fences, remove unused fences (Fitzner 1975 *In an effort to standardize terminology among studies, various descriptors were used to denote the management or type of habitat. "Idle" used as a modifier (e.g., idle tallgrass) denotes undisturbed or unmanaged (e.g., not burned, mowed, or grazed) areas. "Idle" by itself denotes unmanaged areas in which the plant species were not mentioned. Examples of "idle" habitats include weedy or fallow areas (e.g., oldfields), fencerows, grassed waterways, terraces, ditches, and road rights-of-way. "Tame" denotes introduced plant species (e.g., smooth brome [Bromus inermis]) that are not native to North American prairies. "Hayland" refers to any habitat that was mowed, regardless of whether the resulting cut vegetation was removed. "Burned" includes habitats that were burned intentionally or accidentally or those burned by natural forces (e.g., lightning). In situations where there are two or more descriptors (e.g., idle tame hayland), the first descriptor modifies the following descriptors. For example, idle tame hayland is habitat that is usually mowed annually but happened to be undisturbed during the year of the study.
